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NOMENCLATURE 



r z radial distance 
R z radius of plate 

M r , Mj. r moments in radial and tangential direction 
(f r ,^ Z stresses in radial and tangential direction 
<- r , Z strains in radial and tangential direction 
P r uniform load 

S z deflection of plate measured from unloaded 
position 

<y^ Z deflection of the center of the plate 

(tft)fc Z radial and tangential bending 
stresses 

(^n^r> - rad i al tangential normal stresses 

E z Young’s modulus 
Poisson’s ratio 
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A CIRCULAR SANDWICH PLATE, TRANSVERSELY LOADED 

SUMMARY 

Strain and deflection measurements were made 
on a simply supported, circular sandwich plate 
under a uniform transverse load, and the resulting 
stresses and flexure compared with those of a 
similar theoretical plate. 

The plate used in this investigation was com- 
posed of two thin aluminum alloy face plates and a 
lightened plywood core, fastened together hy means 
of transverse rivets extending completely through 
the plate. 

\ 

With repect to flexure, the experimental re- 
sults agree well with flat plate theory al low load- 
ing conditions, and show increasing departure from 
the theory as the load is increased. Radial and 
tangential bending stresses show good agreement with 
flat plate theory. For deflection analysis, this 
investigation indicates that flat plate theory will 
always yield conservative results. 

In the construction of this type of plate 
"cherry" rivets possess several advantages over 
ordinary rivets. There is no problem of shank 
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A CIRCULAR SANDWICH PLATE, TRANSVERSELY LOADED 

INTRODUCTION 

The need for a structural material possessing 
high strength and stiffness, light weight, and smooth 
aerodynamic surfaces under high stress has led to the 
study of sandwich plate construction as a substitute 
for sheet-stringer construction in airplane design. 

A sandwich plate consists of two thin face sheets of 
high-strength material separated by a relatively 
thick low -density core. Some materials that have 
been used as core material are balsa wood, hard 
foam rubber, cellulose acetate, sheet metal corru- 
gations, and honeycomb material made of thin sheet 
metal or res in- impregnated cloth or paper. The face 
sheete may be of metal, plywood, or some other type 
of high-strength material. The core and face sheets 
may be connected by means of rivets or by a bonding 
material such as a phenolic resin. 

The circular plate considered in this analysis 
consisted of thin aluminum alloy face sheets and 
fir plywood core connected by aluminum rivets ex- 
tending transversely through the plate. 

The purpose of this investigation was to study 
the behavior of a sandwich plate under relatively 
high transverse load, and to compare the resulting 
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stresses and flexure with those of o similar theo- 
retical plate. 

The author wishes to express his appreciation 

* * 

to his adviser, Professor Joseph A. Wise, whoso sug- 
gestions nnd assistance have been most valuable. 

These tests wore conducted at the University of 

» 0 

Minnesota Fnginoering Fxperiiaont Station, Minneapolis, 

* 

Minnesota in June, 1049, 
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The piste considered in this analysis is shorn 
in Fig. 1. It was composed of two .025 inch £4 ST 
aluminum Alelad face sheets separated by a .25 inch 
fir plywood core which had been lightened by 1 inch 
holes drilled 1.25 inch from center to center os shown 
in Fig. 1. The face plates were connected to the 
core by means of 5/32 inch aluminum rivets extending 
transversely through the plate and evenly spaced be- 
tween the lightening holes as shown in Fig. 1. 

Fig. 2 shows the test equipment. The test 
plate was supported on a 30 inch diameter ring which 
had been fabricated from a one inch beaded right 
angle aluminum channel. The supporting ring was 
bolted to a 2” thiek steel base. The system was 
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made air tight. Uniform transverse loading was 
accomplished by reducing the air pressure in the 
volume included between the base, ring, and test 
plate. An air aspirator was used for this purpose. 
Loading pressure was measured by a mercury manometer. 

Strains were measured by means of SR-4 electri- 
cal resistance strain gauges, and deflections by 
means of Ames dials. The arrangement of these in- 
struments is shown in Fig. 3* 

All strain measurements were made at a load of 

p 

4 #/in . Deflections were measured at pressures 
varying from 2.4 to 5 pounds per square inch. 

RESULTS AND DISCUSSION 

The theory for the bending of an isotropic 
plate, the section transformation of the sandwich 
material, the development of a boundary parameter, 
and application to the subject plate are given in 
Appendix A. The basic theory assumes ideally elas- 
tic, homogeneous, isotropic material and neglects 
any deformation due to shear, and the effect of 
any deformation of the middle surface. 

Fig. 4 shows that at a load of 4 pounds per 
square inch the deflected surface of the experi- 
mental plate has the same form as the theoretical 
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plate, but that the amount of deflection is less. 

The application of Olson* s^ correction shows close 
agreement between the experimental and theoretical 
plates. Fig. 5, a plot of center deflection as a 
function of load, shows that at the lower loading 
donditions the experimental deflection agrees very- 
well with plate theory and that as the load increases 
the departure from theory also increases. This fact 
is also- illustrated in Figs. 6,7, and 8. 

Strain measurements for a load of 4 pounds per 
square inch are {given in Tablfe II; the resulting 

K • * 

two dimensional state of stress in Table III. Figs. 

9 and 10 show the variation of radial and tangen- 
tial stresses of the upper and lower plate surfaces 
as a function of radial distance. These plots show 
that the experimental stresses of the lower surface 
are higher than the theoretical stresses; the upper 
surface stresses, lower. A resolution of the meas- 
ured radial and tangential stresses into radial and 
tangential bending and normal stresses is shown in 
Figs. 11, 12, 13, and 14. Here the experimental 
bending stresses show good agreement with the theory. 

The support used in these tests allows rotation 
but prevents displacement in the direction. There 
exists at the support a frictional force F, sketch 
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(a), which increases as the load increases. This 

force causes a radial ten- 
j 2 sion in the plate. 

This force, which is 
n) r > Fig. 13 also causes 
the plate deflection to he 
less than it would he if 
the axial force were not 
present. Since no axial 
force is assumed in the 
theory, this accounts fdr 
the difference between the 
experimental and the theoretical deflections. 

The arc ah (sketch h) which is located just 
outside of the support ring in the unloaded condition 
will move over the ring when the plate is loaded. 

In so doing it will decrease in length an amount 2 , 

and cause a tangential compressive strain. This 
strain decreases as the distance from the plate cen- 
ter decreases, and is zero at the center. CcP n )|. 
must equal C^ n ) r at the center, and will decrease 
as r increases, and finally take on compressive 
values in the region of the support. This behavior 
is shown in Fig. 15 . 
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CONCLUSIONS AND KBC 0; 3 1END AT I ON S 

Experimental bending stresses show good agree- 
ment with plate theory. Deflection measurements 
show good agreement with theoretical plate deflec- 
tions at low loading conditions. As the load is in- 
creased the departure from theory becomes more pro- 
nounced; the experimental deflection curve has less 
curvature than the theoretical curve. This is due 
to support friction which produces a radial force 
in the plate, and causes the plate to appear to have 
greater stiffness than it actually possesses. 

It is believed that the subject type of sand- 
wich construction possesses sufficient potentiality 
as an engineering material to warrant further inves- 
tigation and comparison with other types of plates. 

In view of fabrication experience, the use of 
"Cherry" type rivets is recommended. These rivets 
possess several advantages over ordinary rivets, 
including: (1) the elimination of shank buckling 
and the resultant possibility of using other core 
material, such as balsa wood; (2) the sandwich 
plate may be countersunk on both sides, thus presen- 
ting flush surfaces; (3) the "Cherry" rivet draws 
the material as it is set, thus removing the proba- 
bility of face plate damage during the drawing- 
driving operation of ordinary rivets. 
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TABLE I 



PLATE DEFLECTIONS 



For P : 4 /in2 
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3 7/ 9 
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11 
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12 % 
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11 & 
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.151 


•591 


.725 . 
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.765 
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.295 
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.230 


.6 30 


.736 . 


800 


.770 


.653 


.302 


Deflection at 


Center (Jo) 


for 


Various P 




Run #1 
















P 


4.0 


3.37 


3.08 2 


.64 


2.52 


2.34 




X 


.80 


.740 


.709 


•66 


.638 


.606 





Run #2 
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4.83 


4.38 4.0 


3.66 


3.22 


2.88 


2.46 


2.48 


^0 


.908 


.85 .80 


.757 


.730 


.702 


.678 


.650 



Deflection at Different Stations for Various P 



P,#/in 2 
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3 




11 


3.37 
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.541 
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.264 
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.541 
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.654 


.575 


.244 


2.63 
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.110 


.474 


.595 
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.606 


.534 


.219 


2.51 


if 


.102 


.457 
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.207 
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.198 



.*■ 






• • - 





1 


t 




e 


t 


ill 


: 






i 

& 

O 






, e 


§ i: 


5 • 


4\' S 


y* \ 

4\\ f 




\ f 

i 






. 


. . 


. 


• 


, 


<* 

. . ■ y. 


:or.. 




. 


, • . 


•* . 


• . 


> 




T M>jt* >* • : ' \) • 




? *». u *+r \ • i 




















* 

• « 


« 


• 


a> 








. 


, 




HI 

• 


\ 














S* 4BI« 




.. 




. 


• . 






. . 


• . . 


• 


- . 


: : . 


- . 


\ 

0 XO 



■M- I)g .«» I -f -• 1 



u 

■ ■ . 



O'- \ 

ws B; 1: 
: - ; •/: 



. : - : . 

00*. IK. >£1. 

. 




Run 

Lead 

1 

2 

3 

4 

l 

l 

9 

10 

ll 

12 

13 

14 

If 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 
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TABLE II 

STRAIN MEASUREMENTS 





I 


II 


III 


Dist 


1" 


-600 


-591 


-604 


3A 


♦1390 


♦1395 


♦1380 


1 


♦150 


♦160 


♦142 


3/4 


♦765 


-4770 


*♦779 


1 


-280 


-265 


£285 


3/4 « 


♦1145 


♦1153 


♦1155 


3 3/g 


-615 


-613 


-624 


3 3/8 


♦1335 


♦1319 


♦1334 


3 3/§ 
3 3/8 
7 1/8 
7 1/8 


-815 


-923 


-927 


-300 


-289 


-292 


7 1/8 


♦55 


♦61 


♦60 


7 1/8 


♦725 


+730 


♦73^ 


7 1/8 


-355 


-343 




7 1/8 


+885 


♦882 


♦ I77 


10 5/8 
10 5/8 


-80 


-90 


-91; 

+996 


10 5/8 


-270 


-269 


-285 


10 5/8 


♦270 


♦272 


+273 


14 7/8 


♦495 


♦5°o 


+506 


14 3/8 


♦640 


4646 


4678 


14 7/8 


-770 


-748 


-750 


14 3/8 


-470 


-468 


-435 


li 

if - 


-800 


-810 


-809 


♦1375 


- 


41230 


-645 


-659 
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For a uniform load, P, the load acting at a radius 
r, is 7 rr^P, the shearing force per unit of length, 
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The equation of the surface becomes, 

(1) 
( 2 ) 

Then (1) becomes 
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The bending moments then become, 
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